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CHAPTER I 
HISTORY AND BIOLOGY OF THE EUROPEAN CORN BORER 
Fresh market sweet corn, Zea mays L., is an important crop to 
Massachusetts' vegetable growers and a major attraction for farmers 
selling from roadside stands. To be of the highest quality, sweet corn 
must be within the narrow range of maturity which is termed the roast¬ 
ing ear stage. This requires a succession of plantings to maintain a 
constant supply of quality corn throughout the season. Top quality 
sweet corn must also be free from insect damage. In Massachusetts the 
European corn borer (ECB), Ostrinia nubilalis (Hubner) is the major pest 
of sweet corn. Presently, in order to grow insect-free ears, many 
farmers spray their corn with insecticides on a regular, calendar basis 
(Ferro et al_. 1982). Before a sweet corn integrated pest management 
(IPM) program can be implemented, control strategies must be developed 
for the ECB. The research reported in this study was undertaken to 
evaluate several methods of monitoring ECB populations, to determine 
the relationship of plant age to ECB damage, and to test a non¬ 
prophylactic approach to controlling this pest. 
From the outset, the intention has been to develop a program which 
is sufficiently straightforward for farmers to use themselves, rather 
than to have independent or university funded scouts doing the work. 
Because Massachusetts vegetable growers are usually small scale opera¬ 
tors, it is our belief that a farmer-oriented IPM program would best 
benefit their needs. 
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Vinal and Caffrey (1919) reported ECB was first introduced to 
North America about 1910 in European shipments of raw hemp used for 
cordage, but was not positively identified until 1917. At that time 
it was only in a localized area around Boston, Massachusetts and an 
unsuccessful quarantine was established in 1918. Caffrey and Worthley 
(1927) present evidence that at least one and probably two additional 
importations occurred shortly thereafter. Since its introduction, the 
ECB has spread west to South Dakota and as far south as Georgia and 
Texas. The European corn borer is polyphagous, and although corn is its 
preferred host, it attacks a great many weed and cultivated species 
of plants across taxonomic categories as broad as the monocotyledonae 
to the dicotyledonae (see Brindley and Dicke, 1963 for a summary of 
suitable ECB host plants). 
In Massachusetts ECB has two generations per year. The insect 
overwinters as a mature, fifth instar larva in corn stalks or other 
host plants, often near the base of the plant so that even stubble har¬ 
bors substantial populations. Barnes and Hodson (1956) showed that when 
properly acclimated, diapausing ECB larvae are extremely winter hardy. 
They reported abnormal fall conditions which do not allow for proper 
acclimatization to the cold are more often responsible for overwintering 
mortality than any spring conditions. 
In Massachusetts the larvae usually pupate during May in their 
overwintering locations and the first adult flight commences in early 
to mid June. These moths mate and lay first generation eggs which hatch 
in 4 to 5 days (Matteson and Decker 1965). The larvae go through five 
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larval instars, and although most pupate, some diapause to form a portion 
of the overwintering larval population. Those which pupate become the 
adults of the second flight which begins in late July or early August 
in western Massachusetts. This flight has greater numbers and lasts 
longer than the first flight. Eggs laid by these moths are the begin¬ 
ning of the second generation. Larvae from this generation do not pu¬ 
pate but enter diapause and make up the remainder of the overwintering 
population. 
Environmental factors are major regulatory influences on the popu¬ 
lation dynamics of the ECB. Chiang and Hodson (1972) concluded that 
weather was the most important factor in the large ECB population fluc¬ 
tuations at Waseca, Minnesota which occurred from 1948-1970. Showers 
et al_. (1978) found that moisture, including inundation, evaporation, and 
humidity are especially potent factors in the suppression of first and 
second instar ECB. Barlow and Mutchmor (1963) found adult ECB needed 
rainfall within a few days of emergence or both the number of eggs and 
the net reproductive rate per female was greatly reduced. Because moths 
were not attracted to discrete sources of water such as puddles, it must 
be widely distributed in the environment to assure an optimum supply. 
High relative humidity was somewhat effective in mitigating the harmful 
effects on fecundity of limited rainfall. High temperatures increased 
the need for frequent rain. 
The mating behavior of the ECB is also influenced by environmental 
factors. DeRozari et al_. (1977) reported that ECB moth flights begin 
after dusk, but this early evening flight is not evidently involved in 
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mate location, as evidenced by the fact that few moths are caught by 
either pheromone traps or virgin female baited traps. They also found 
the presence of free water was necessary for female ECB calling behavior. 
The dew which formed after a few hours of darkness provided enough mois¬ 
ture for this purpose, and usually peak numbers of male ECB moths were 
caught in virgin female traps or pheromone traps in the 2400-0100 hr 
period (Showers ert aj_. 1976). Loughner and Brindley (1971) found low 
illumination to be a mating requirement, since mating did not occur on 
clear nights when there was a full moon. 
Showers et al_. (1975) categorized the ECB in North America into 
three ecotypes based on their diapause response: 1) a northern ecotype 
which is univoltine and characteristic of the Minnesota and Quebec 
populations*, 2) a bi vol tine central ecotype which is represented by ECB 
in Iowa, Nebraska, and Ohio, and into which the Massachusetts population 
also fits; and 3) a southern ecotype represented by the Georgia and 
Missouri populations which has three to four generations per year. 
Mutchmor and Beckel (1959) showed that it was the interaction of photo¬ 
period and temperature which determined whether the Ontario population 
had one generation per year or two. Sparks et (1966b) showed the 
details of this interaction are partly based on the genotype from which 
the population came, and when eggs from one geographic area (ecotype) 
were reared in another area, they responded according to their genotype 
in diapause response independent of geographical location. Besides 
these diapause ecotypes there are two main pheromone strains of the 
ECB. Klun and Maini (1979) showed that in one strain (Z-type) the female 
5 
emits a ca. 97:3 Z:E-ll-tetradecenyl acetate (tda) blend and males of 
this genotype respond primarily to this mixture. Females of the other 
strain (E-type) emit a ca. 3:97 Z:E-ll-tda blend and males of this 
genotype respond primarily to this mixture. These pheromone strains 
transcend rather than coincide with the diapause ecotypes (Brindley 
et al. 1975). 
Brindley ejt a]_. (1975) reviewed the literature on the predators, 
parasitoids and pathogens of the ECB. Sparks et aK (1966a) summarized 
a five year study, coordinated by researchers in several states, by 
stating that although predation plays an important role in ECB population 
fluctuations in some locations in some years, it cannot be depended upon 
year after year, or in any given year. None of the literature indicates 
a natural level of ECB control by parasitoids or pathogens which greatly 
affects the need for insecticidal control of this insect in commercially 
grown sweet corn. 
My research included four discrete studies: 1) evaluating tech¬ 
niques for monitoring adult ECB, 2) evaluating the level and type of 
ECB damage to 12 successive plantings of sweet corn grown without in¬ 
secticides, 3) evaluating the level and type of ECB damage to 12 suc¬ 
cessive plantings of sweet corn when an insecticide was applied based on 
adult trapping counts and field damage counts, and 4) an economic 
analysis of the sprayed corn plantings compared with projections of the 
economics of spraying the corn on a calendar-scheduled basis. 
CHAPTER II 
MONITORING ADULT EUROPEAN CORN BORERS 
The European corn borer, Ostrinia nubilalis (Hubner), is a major 
pest of maize, Zea mays L., from Alabama to Canada and is the principal 
pest of sweet corn in Massachusetts. Because the adult moth is not 
always present throughout the growing season, oviposition is limited to 
certain periods. Thus, a simple, effective means of monitoring European 
corn borer (ECB) moths is a necessary part of any integrated pest manage¬ 
ment (IPM) program for sweet corn. 
Vina! and Caffrey (1919) reported catching ECB moths in yellow 
light traps. Ficht and Heinton (1941) and Barrett et a]_. (1971) attempted 
to use black light traps for direct control of the ECB, but were unsuccess¬ 
ful except when populations were very low. Barlow et_ al_. (1963) used 13 
years of light trap data along with annual ECB larval sampling to draw 
conclusions about factors affecting ECB population dynamics, but gener¬ 
ally light trap counts have not been used quantitatively to assess ECB 
population levels. In fact, Showers et al_. (1974a) found through 
ovarian dissection of all female ECB caught in light traps, the propor¬ 
tion of females caught at various stages of egglaying was different at 
low population densities than when populations were high. In spite of 
this, they concluded that light trap collections were valuable in moni¬ 
toring ECB populations. 
The use of sex pheromone traps to catch male ECB is another po¬ 
tential means of monitoring adults. Klun et al_. (1973) found the ECB 
sex pheromone is composed of a mixture of the Z and E isomers of 
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11-tetradecenyl acetate (tda). Klun and cooperators (1975) showed at 
many locations in the U.S. and Europe, most or all of the male ECB are 
preferentially attracted to a mixture of ca. 97:3 Z:E-ll-tda (Z-type), 
although males in New York and Italy are more attracted to a mixture of 
ca. 3:97 Z:E-ll-tda (E-type). Klun and Maini (1979) showed that the 
isomeric composition of the pheromone is controlled by simple Mendelian 
inheritance involving a single pair of alleles. Carde^et^ al_. (1975) 
and Carde'et al. (1978) and Klun and cooperators (1975) found that the 
two homozygous forms (Z-type and E-type) occur sympatrically in 
Pennsylvania and New Jersey and Klun and Maini (1979) showed these 
two plus their hybrid occur in feral populations in New Jersey and 
Italy. The hybrid females give off a 35:65 Z:E-ll-tda mixture. Showers 
et al. (1974b) found males of the Z-type from Iowa were attracted to 
females of the Z-type from several geographical regions of North America, 
but were not attracted to New York E-type females. Klun and Maini (1979) 
showed that male hybrids of the two genotypes are preferentially attracted 
to females of their own hybrid genotype. 
Several researchers have experienced difficulties in the use of 
sex pheromone traps to catch male ECB. Roelofs et al_. (1972) were able 
to attract males in significant numbers from the first flight in New 
York, but caught very few in the second flight. Carde/et al_. (1975) had 
the same unexplained result when trapping males of both pheromone 
phenotypes in Pennsylvania. In both cases, adult ECB were observed in 
the vicinity of the traps. McLeod and Starratt (1978) found that there 
was a definite loss of attractancy in traps over one week old, regardless 
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of the sticky substance used, whether or not the pheromone dispenser 
was in contact with the stickum, or even if insects were excluded from 
the trap for the first week. Kennedy and Anderson (1980) used phero¬ 
mone blends corresponding to the three genotypes, plus a 50:50 blend 
for three years in a varying number of fields. All four trap types 
caught male ECB moths, but in very low numbers, making any general 
conclusions difficult if not impossible. 
Oloumi-Sadeghi et al. (1975) compared ECB light and pheromone trap 
catches in 20 fields, where one trap of each type was located beside 
each field (only the Z-type ECB are present in Iowa). By dissecting the 
ovaries of females caught in the light traps, and counting the number of 
egg masses in the adjoining field, they were able to monitor the period 
of peak oviposition. Very few males were caught in the pheromone traps 
until most females had mated and laid at least some of their eggs. They 
concluded that the competition of feral females caused the capture in 
the pheromone traps to be low until the bulk of females were mated. 
Starratt and McLeod (1976) found in three Ontario locations that phero¬ 
mone traps caught both generations of ECB moths as soon or sooner than 
black light traps. 
Caffrey and Worth!ey (1927) observed adult ECB "lurking" in grassy 
areas adjacent to corn fields. Other authors have reported similar ob¬ 
servations and this led Showers et al_. (1980) to sample these areas 
directly by using a large throw net. By counting the number of moths 
caught per throw and the number of egg masses deposited on adjacent 
field corn, they developed a regression equation which predicted the 
egg laying pressure based on the throw net counts. 
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Methods and Materials 
1980 Season. In 1980, ECB adults were monitored using one light trap 
and four replicates of pheromone traps. These were located at the 
University of Massachusetts (UMASS) Research Farm in South Deerfield, 
Massachusetts. The black!ight trap was set out June 11 and was powered 
by 110V AC electricity. It was located in a mowed area about 100m 
from the nearest pheromone trap, but not in sight of it. 
Each pheromone replicate consisted of one unbaited trap, one trap 
baited with a ratio of 97:3 Z:E-11-tetradecenyl acetate (Z type), and 
one trap baited with the opposite ratio, 3:97 Z:E-11-tda (E-type). The 
pheromone and traps were provided by Zoecon. The rubber septa pheromone 
dispensers were placed directly on the sticky material in the traps. 
Traps were placed in the field on June 11 and checked weekly. The 
capsules and traps were changed on July 17 and August 7. The traps 
were fouled by bad weather the week of August 7-12, and new traps with 
the old pheromone dispensers were placed in the field August 12. The 
traps were placed in grassy areas adjacent to field corn, each trap 
10m apart, with replicates at least 100m apart. The traps were suspended 
from the top of a 1.5m stake driven into the ground at an angle and hung 
1m above the ground. Their height was not changed as the grass grew. 
About July 20 and again on August 14, the grassy borders were mowed, 
including the area around the traps. This was due to a lack of communi¬ 
cation with the farm workers rather than by design. The grasses in 
that area remained short for the remainder of the season. 
1981 Season. The 1981 research was done at the UMASS Research Farm in 
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Sunderland, Massachusetts. During this season the black light trap was 
set out June 4 and was powered by a 12V battery. Keeping the battery 
fully charged is of the utmost importance, hence the use of 110V AC 
is recommended whenever possible. The black light trap was located 
within 75m of one of the replicates of pheromone traps. 
In 1981 the pheromone materials and treatments were the same as 
in 1980. The areas where the pheromone traps were located had a mix¬ 
ture of herbaceous plant species. The primary plant species were yellow 
foxtail (Setaria glauca L.), timothy (Fhleum pratense L.), and quack- 
grass (Agropyron repens L.). The traps were initially set out on July 15 
and August 18. On August 28 the old capsules were placed in fresh 
traps because of the large catches. Each time that the traps were 
changed they were rerandomized. In this year the traps were hung from 
stakes with a horizontal bar 1.75m above the ground. The traps were 
kept just above the plant canopy. No mowing was done in the areas near 
the traps, although weedy areas around the rest of the farm were mowed 
regularly. All replicates of pheromone traps were within 50m of a corn 
planting. 
Direct sampling for ECB moths in grassy areas around the field 
was done using a large throw net fashioned from a 10 foot piece of 
electrical conduit bent into a circle of approximately 1m in diameter 
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and 0.75m in area. A cylindrical piece of netting 1m high was sewn 
to the conduit frame, reinforced at the base and closed at the top. 
This was thrown into the grass 20 times per sample date, twice a week 
from June 11 through August 3. After being tossed into a grassy area 
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the net was shaken to cause the moths to fly up to the top of the net 
to be counted. After removing the net, the area beneath the net was 
kicked with the foot in order to insure that no moths were missed. 
Results and Discussion 
1980 Season. Figures 1 and 2 show the first adult ECB flight began 
before dune 16 and ended on July 7. Then few moths were caught until 
the second flight commenced about August 1. Large numbers of moths 
were caught in the light trap during the second flight, with peak light 
trap capture on August 25, followed by a gradual tapering off through 
early September. The black light trap catch in this season was not 
separated by sexes. 
The totals of the four pheromone replicates plotted in Figure 2 
indicate both Z-type and E-type ECB exist sympatrically in Massachusetts. 
Although the E-type trap consistently caught more moths throughout the 
season, both trap types caught moths during both flights. It should 
be recalled that the grass around the pheromone traps was mowed on July 20 
and August 14, which meant that the traps were no longer in prime areas 
for ECB mating. This is the probable cause for the low second flight 
catch in the pheromone traps. 
In Figure 3 the total of the four replicates of both pheromone 
blends are plotted with the total of both sexes caught in the light 
trap. The pheromone traps caught more first flight moths than the light 
trap. Both trap types showed ECB adult activity during the week ending 
July 16, and both types showed very low catches on July 7, indicating the 
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end of the first flight. Very few moths were caught from July 7 to 
August 1. Even though late in the season the pheromone traps were 
located in poor areas due to mowing, they indicated a distinct rise in 
the number of ECB adults the week of August 11, as did the light trap. 
1981 Season. Figure 4 shows the male and female as well as the total 
light trap catch for 1981. A small number of moths were caught through¬ 
out June and early July but no distinct first flight is indicated. 
Starting in the week ending July 20, a large increase in moth catch 
occurred which peaked on August 10 and tapered off through August and 
September. 
Figure 5 represents the male moth catch of the four pheromone 
replicates plotted by blend, and again shows both the Z-type and the 
E-type of ECB occur sympatrically in Massachusetts. During this season 
the 97:3 Z:E-ll-tda blend attracted more moths, though not consistently 
throughout the season. The pheromone trap captures in 1981 show two 
distinct flights, the first from June 8 to June 22 and the second begin¬ 
ning on July 20 and lasting until mid-September. The E-type occurred 
in high numbers on July 20, while the Z-type was not caught in sizable 
numbers until the week of August 10. This demonstrates the importance 
of using both the 97:3 Z:E-ll-tda and the 3:97 Z:E-l1 -tda mixtures to 
ensure detection of ECB flights in Massachusetts. 
The comparison of total light trap catch to the total catch of the 
pheromone blends is shown in Figure 6. Both trap types showed the first 
flight beginning the week of June 15, however the pheromone traps caught 
considerably more moths than the light trap. The light trap showed some 
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moth activity from June 22 through July 13, while the pheromone traps 
did not. The second flight perhomone peak capture was on August 24, 
two weeks later than the peak of the light trap. This may have been 
due to the sexual competition by feral females depressing the pheromone 
catch until most of the females were mated, as hypothesized by Oloumi- 
Sadeghi et_ al_. (1975). 
A comparison of 1980 and 1981 shows the first flight started at 
approximately the same time, but that the 1981 second flight was two 
weeks earlier, July 20 vs. August 4. On July 20, 1980, 1563 degree days 
(50°F base) had accumulated, while on the same date in 1981, 1622 degree 
days had accumulated. This contributed to the earliness of the 1981 
second flight. Starratt and McLeod (1976) noted when pheromone catches 
were very high, male moth captures in the black light trap at the same 
location were depressed. This correlation was also observed in the 1981 
data. Male light trap capture exceeded female until August 24 (Figure 4), 
when pheromone catches became extremely high. This lasted for two weeks 
and then capture of all moths in both trap types declined. 
Unless a well-defined relationship is shown between trap counts 
of either trap type and infestation levels, the relative numbers are not 
as important as the initiation of the flights. In both years for both 
flights of ECB moths, the pheromone traps indicated the onset of the 
flight nearly at the same time as the light trap, which is the critical 
information needed to commence control measures. 
The placement of pheromone traps is extremely important in obtain¬ 
ing satisfactory results. Table 1 shows the weekly trap catches on 
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four dates for each of the four trap locations in 1981. Location D 
was a sandy area on which the vegetation grew sparsely and rather short. 
In order to correct for the lack of normality, the data was transformed 
to the log of (count + 1) before conducting the Duncan's test. As a 
result of this poor location, significantly fewer moths were collected 
at this site in both pheromone blends. 
The throw net used for direct sampling of adult ECB moths in the 
grassy borders proved to be of no practical use. Although sampling was 
done from June 11 through August 3 twice a week, no ECB moths were 
caught. The adult moths were present during much of this time, as evi¬ 
denced by the light trap and pheromone trap catches and the fact that 
ECB moths could be observed in the areas where the net was thrown, but 
apparently the population was too low to show up in this type of 
sampling. Consequently, this technique is of doubtful use for a sweet 
corn I PM program. 
CHAPTER III 
EUROPEAN CORN BORER LARVAL DAMAGE ON SUCCESSIVE PLANTINGS 
OF SWEET CORN 
In addition to developing monitoring techniques for European corn 
borer (ECB), it is important to relate the flight information to the 
extent of subsequent larval damage, and where the larval damage occurs 
on the plant. Since sweet corn grown for fresh market is planted suc- 
cessionally to maintain a steady supply, it is necessary to know if any 
plant age-specific damage occurs. 
ECB egg mass distribution has been examined by a number of re¬ 
searchers, and a review of this literature is given by McGuire et al. 
(1957), as well as by Chiang and Hodson (1959). These workers agreed 
the distribution of egg masses in a field either followed a Poisson dis¬ 
tribution, or had a slight tendency toward contagion while being nearly 
random. This pattern of distribution existed throughout the entire 
period of egg deposition in a given field (Chiang and Hodson 1959). 
An explanation of the tendency toward contagion may be that ECB moths, 
at least from the overwintering population, show an ovipositional pre¬ 
ference for more mature corn, and not all of the plants within a field 
grow at the same rate. 
The influence of the corn plant on ovippsition and larval survival 
is an important consideration in ECB control. Beard (1943) observed 
ECB on 14 successive plantings of sweet corn in Connecticut. He found 
few egg masses were laid on corn in the seedling and early-whorl stages. 
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a median number during the mid-whorl stage, while corn from the late- 
whorl through the silk stages was preferred for oviposition. The first 
planting received more egg masses than any other because it received the 
majority of those of the first generation. The larger number of 
second generation egg masses was more evenly distributed over several 
corn plantings at highly desirable maturities for ECB oviposition. 
Turner and Beard (1950) had similar results while studying ECB in field 
corn. 
Jackson and Peters (1963) used two varieties of field corn (U.S. 
13 and U.S. 13 dwarf) which differ only in their internodal length and 
found five successional plantings of each of these varieties received 
first generation egg masses at statistically equivalent rates with re¬ 
spect to variety. They concluded that even during the first moth flight 
the stage of plant development was more important than plant height in 
ovipositional preference, though generally the two characteristics 
correspond. Patch (1942) reported on a four-year study done in 36 
counties located in Michigan, Ohio, and New York, during which time the 
ECB populations were univoltine (1930-1933). About twice as many egg 
masses were found in those counties with corn of above average height as 
in those counties where corn was below average in height. More egg 
masses were laid in fields of tall corn within a county area than in 
fields of short corn in the same area, but this difference was less in 
areas where the corn was generally tall. A comparison of the data from 
the county areas to test plots within a field, showed that the influence 
of corn height on oviposition was similar in both situations. 
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When looking at ECB ovipositional preference within a plant during 
a three-year study in Quebec (univoltine population) Hudon and LeRoux 
(1961) found 99% of ECB egg masses were on the undersides of sweet corn 
leaves. Windels and Chiang (1975) examined second brood egg masses on 
sweet corn ranging from pre-pollen shedding to post-pollen shedding in 
maturity and found 79.1% of the egg masses on leaf blades, with 95.1% 
of these underneath. 34.1% were on the three leaves above, below and 
adjacent to the ear, and another 16.8% of the masses were on the husk 
flag leaf. 
Another important aspect in controlling the ECB is to determine 
the larval feeding pattern on corn plants at various plant developmental 
stages. The most thorough treatise on this subject was by Batchelder 
(1949), who found infestations usually began in the moist interfoliar 
spaces of the whorl, then the larvae moved into the developing tassel 
and were carried upward with it. Earshoots, which developed in the late 
whorl stage, offered an establishment environment similar to the whorl. 
Tassel florets, until they expanded and shed their pollen, were a favored 
location for early instar larvae. Older larvae moved downward from the 
tassel to feed on leaf sheaths, stalks, or directly on the ear. Larvae 
developing from eggs laid on corn from the tassel stage onward often 
invaded the ear via the silk channel. Chiang and Hodson (1953) arti¬ 
ficially infested field corn in various whorl stages and found that 
although plant damage occurred before it was visible from a cursory 
examination, it always took six days or less from the time of injury 
until the leaf involved had unrolled to the extent that the damage 
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became conspicuous. 
Several researchers have documented that larval survival and 
development vary with the stage of the host corn plant. Turner and 
Beard (1950) found an increase in larval survival with increasing maturity 
of the corn. Beard (1943) found first generation borer survival was 
less on young corn than older corn, and also that the younger the corn 
at the time of first generation oviposition, the lower the percent of 
borers resident in the ears. In 14 plantings the earliest one had the 
most ear damage from the first generation larvae, and each succeeding 
planting had less until the second generation. Batchelder (1949) con¬ 
cluded ECB larval survival began in the mid-whorl stage. This was fur¬ 
ther substantiated and quantified by Luckmann and Decker (1952) who used 
a mathematical expression called the tassel ratio index (Tr) to gauge 
the plant's stage of growth rather than giving discrete names to various 
continuous growth stages of the corn plant. The equation is 
Tr = (TH) iqq where TH = the distance from the base of the plant to 
(PH) 
the tip of the tassel and PH = the distance from the base of the plant 
to the tip of the longest leaf when the leaves are gathered in the arm 
and made vertical. In early growth stages the plant must be longitudin¬ 
ally sectioned in order to determine this length. They obtained very 
consistent correlations when plotting the percent larval survival 
against sweet corn Tr. They found larval survival begins when the 
plant reaches a Tr of 20, which occurs during the mid-whorl stage of 
corn development. 
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Review of Control Recommendations. An IPM approach to ECB control on 
sweet corn needs to combine the previous information on the suscepti¬ 
bility of various growth stages of the corn plant with knowledge of the 
status of the insect itself at any particular time. Three indirect ways 
have been proposed to indicate the approximate time of the ECB flights. 
Jarvis and Brindley (1965) used 12 years of data to develop a predictive 
equation for the number of degree days until different percentages of 
the two flights had emerged and oviposited. For most years the predictions 
ranged from being accurate to off by a week, but in two of the cooler 
years the predictions were off by two weeks for the first flight and 
even more for the second flight. Straub and Huth (1976) correlated 14 
district growth stages of several common perennial plants (i.e. beginning 
of bloom of elderberry, first ripe fruit of purple flowering raspberry) 
with different periods in the adult ECB occurrence such as the peak of 
the first flight or the beginning of the second flight. Harison (per. 
comm.) in Maryland suggests splitting open overwintered corn stalks in 
spring until 25 ECB are found as mature larvae, pupae or shed puparia. 
By this method the percent emergence of the adults can be easily calcu¬ 
lated. Besides these indirect methods of monitoring adult ECB status, 
three direct ways have also been used. 
These direct methods are light traps, pheromone traps, or a throw 
net (see Chapter II). The above six techniques are generally recommended 
only as a means to determine when to initiate field scouting in an IPM 
program. The light trap count is generally not used to quantitatively 
measure the activity level of the ECB at a particular time, but is used 
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qualitatively to indicate the presence or absence of adults. Pheromone 
trapping has been inconsistent in many areas, and this method is pre¬ 
sently recommended only as a supplemental indicator in a qualitative 
fashion. The throw net is not used for any sweet corn purposes at this 
time. 
In an I PM program, field scouting is initiated when any of the 
aforementioned techniques indicate the presence of adult ECB. New 
Jersey's sweet corn IPM program was started in 1972 and is the oldest 
in the country. In this program (Prostak, per. comm.) when a light 
trap catches a female ECB, field scouting three times per week is ini¬ 
tiated. An "x" pattern across the field is used to examine five consec¬ 
utive plants in 10 locations. While in the mid- to late-whorl stage, 
one spray is recommended if 15-20% of the plants show damage. This is 
followed by another spray as tassels emerge if scouting indicates contin 
ued ECB presence. The Connecticut sweet corn IPM program is based 
partly on that of New Jersey. Adams,who administers the Connecticut pro 
gram (per. comm.), recommends counting the number of moths in black 
light and pheromone traps three times per week, but field scouting only 
once per week until damage reaches 10% or more, then going to two times 
per week. They sample 20 consecutive plants at five random locations 
per field. When 15% of the plants show evidence of fresh feeding, an 
insecticide application is advised. 
Straub (1977) studied several ECB control techniques in early 
sweet corn in New York and found when using a full schedule of 2 whorl 
and 3 silk sprays of methomyl or methylparathion that 100% of the ears 
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were uninfested, while one whorl and three silk sprays gave 99.5 and 99% 
uninfested ears respectively. Carbary! was less effective on either 
schedule. When using an ECB leaf feeding resistant genotype (not of 
market quality) he obtained 100% insect-free ears with only the three 
silk sprays. 
Methods and Materials 
This research was conducted at the UMASS Research Farm in Sunder¬ 
land, Massachusetts. The soil was a sandy loam, and standard cultural 
practices were followed including herbicides, fertilization, side¬ 
dressing and the use of captan treated seeds (Ferro et aK 1982). 
D 
Mesurol was also applied to the seeds at planting to prevent bird 
damage to the seedlings or damage by the seed corn maggot. 
Two experiments were conducted simultaneously in adjacent fields. 
Experimental design consisted of a randomized complete block with four 
replications. Each of 12 sequential plantings of sweet corn was a 
treatment. Plots in the sprayed field were four rows wide by 7.5m 
long, while those in the unsprayed field were six rows wide by 9m long. 
Plants were spaced at approximately 23 cm intervals within the row and 
0.9m between rows. 
'Sprite', an early-season cultivar, was planted four times in 
each field on May 1, 15, 21, and 28. 'Sweet Sue', a main season culti¬ 
var was planted on May 15, 21, and 28, and on June 5, 12, 17 and 23. 
Dur to a short supply of 'Sweet Sue' seed, the final planting on June 29 
was of 'Sweet Sal', a similar variety. The plantings in the treated 
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field were sprayed according to the trap catches reported in Chapter II 
D 
and the larval counts from the unsprayed field. Orthene (acephate) 
was applied at 3/4 kg Al/ha with a high clearance boom sprayer fitted 
with four drop nozzles and one over the row nozzle. The second field 
was left unsprayed to observe the interaction of the ECB adult popula¬ 
tion, the developmental stage of the corn plant, and larval damage 
to the plants. Unfortunately, a farm worker did not see the young plants 
emerging, and on June 1 disk-harrowed the corn in one plot each of plant¬ 
ings 3, 4, and 5 and are three plots of planting 6 in the unsprayed 
field. Twice the number of plants were sampled in the single remaining 
plot in planting 6, however this planting was not included in the stat¬ 
istical analysis of the data from the unsprayed field. 
Unsprayed field: Each week 20 plants per plot were randomly inspected 
in detail for the presence of egg masses, larvae, or larval damage. 
Because this was not a destructive sampling technique, it is assumed 
the data shows fewer larvae and damage sites than were actually present. 
Only the main stalk of each sampled plant was inspected. The larvae 
or damage was recorded as being located in the whorl, tassel, stalk, 
developing ear, or leaf vein of the plant. The number of damaged plants 
per plot was also recorded. 
Fifty primary ears per plot were harvested and examined for larval 
presence or evidence of feeding damage. The number of ECB larvae in 
each of the following ear portions was recorded: shank, basal 1/3 of 
ear, middle 1/3 of ear, tip 1/3 of ear, and silk only. A small percent¬ 
age of damage was caused by the fall armyworm. These were not included 
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in the numbers presented. At harvest 20 randomly selected primary 
stalks per plot were destructively sampled for ECB presence or feeding 
damage. The plant was divided into the following regions: tassel (a- 
bove the top leaf), upper 1/3 of plant, middle 1/3 of plant, lower 1/3 
of plant, and the secondary ear. 'Sprite' had no secondary ears. Tassel 
damage was only recorded when a tassel branch or the peduncle (stem from 
top leaf to tassel) had been excavated. Young larval feeding in the 
leaf sheath area was recorded in the appropriate third of the plant, 
but leaf damage that had occurred while the plant was in the whorl 
stage of growth was not recorded. 
Sprayed field. No sampling was done on the growing plants in the 
sprayed corn field. At harvest, 50 primary ears and 20 primary stalks 
in each plot were randomly sampled as in the unsprayed field. The data 
recorded was the same as for the unsprayed field. 
Results and Discussion 
Unsprayed field. No data is given for egg mass counts since none were 
found during the entire first generation, and second generation damage 
was evident before the first egg mass was found. This indicated 
that at the moderate levels of ECB encountered in this experiment, egg 
mass counts would not be a viable tool in a grower oriented I PM program. 
This was corroborated by Chiang (1961), who reported a trial in which 
6 "well-informed" farmers were trained to scout for ECB egg masses, but 
the results were so inconsistent not even a correction factor could make 
them useful. Hence no egg counts were made after August 3. 
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The pattern of damage to individual plants was the same as that 
previously reported in the literature (Batchelder 1949). The earliest 
infestation in any plant showed as damage to the whorl, then to the 
emerging tassel, and then to the developing ear, leaf veins and leaf 
sheaths, and the stalk. The extent of infestation at any of these 
plant growth stages depended upon the temporal relationship of the plant 
growth stages to the two ECB moth flights. 
One of the most important trends encountered in all plantings was 
that the first recorded damage to each planting was either just before 
or just after the time when the tassel was first observed while looking 
down into the whorl. Henceforth, this corn growth stage will be termed 
the pre-tassel stage, although it is often included as part of the late- 
whorl stage. The relationship between the first observation of larval 
ECB damage and the pre-tassel stage is shown in Table 2. Because it 
takes 4-5 days from egglaying to emergence (Matteson and Decker 1965) 
and then 4-6 days until the damage becomes visible (Chiang and Hodson 
1953), we can assume that initial oviposition occurred on each corn 
planting no sooner than the mid-whorl stage of corn development in 1981. 
The details of infestation of each planting are shown in the ap¬ 
pendix (Tables 11-22). Table 2 summarizes the last column of these 
tables, which is the number of infested plants. 
Tables 3 and 4 show the ECB damage to the plant and ear respective¬ 
ly, divided into the region where the damage occurred. The last two 
columns of these tables summarize the percent of ears and stalks damaged 
by the ECB. The statistical analyses in these tables were done according 
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to Steel and Torrie's (1980) inverse sine transformation for data in 
the form of proportions. The number of damaged ears or stalks was 
first changed to its decimal equivalent, which was reduced to its square 
root. An ANOVA and Duncan's multiple range test was then conducted on 
the arcsines of the resulting numbers. 
Tables 2, 3, and 4 document the progressive and final damage to 
the corn plants. Because planting 1 was the most attractive for ovi- 
position during the first moth flight, it received a preponderance of 
the first generation eggs and the most damage from first generation 
larvae. Plantings 2-4 were the remainder of the early variety ('Sprite'), 
and each of them received ear damage at about half the rate of the plant¬ 
ing preceding it, with planting 4 only having 0.5% of the ears damaged 
without any insecticide applications. These plantings were each less 
attractive than the previous one to first brood moths for oviposition 
and they were all harvested before being damaged by second generation 
larvae. Table 4 shows for planting 4 there were 1.7 larvae/50 ears in 
the silk, which were probably second generation larvae. Harvest damage 
to the silk (always first instar in this experiment) or shank was not 
included in the percentage of damaged ears, as this damage does not af¬ 
fect the marketability of the ear. 
Planting 5 ('Sweet Sue') shows a dramatic increase in the per¬ 
centage of damaged ears, greater than in either planting 6 or 7 (Table 
4). This could have been due to the combined impact of oviposition 
by first brood moths and early oviposition by second brood moths. There 
was a lack of prime ovipositional sites, and planting 5 was as mature 
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and taller than planting 4 at that time. Since 'Sweet Sue' requires 
more time to maturity, a greater percentage of larvae could have mi¬ 
grated to the ear. This seems plausible since an average of 8 larvae 
in 50 ears were located in the middle of the ear. This type of damage 
results from migration of late instar larvae within the plant, rather 
than early instar larvae which enter the ear through the silk and are 
found in the tip. The above is also confirmed by the lower percentage 
of stalks damaged in planting 5 than in plantings 6 and 7, again indica¬ 
tive of more mature larvae migrating into the ears in planting 5. 
Planting 6 had three of the four replicates destroyed, so it is imprudent 
to deduce much from it. The second moth flight, which started in mid- 
July, reached large numbers in early August (Fig. 6). From this time 
until the final harvest of planting 12, the effects of the large second 
brood can be observed in Table 2. By August 14 nearly all remaining 
plantings had 25% of the plants damaged. In all cases this percentage 
increased more sharply than earlier in the season. The percentage of 
damaged stalks shown in Table 3 went from ca. 60% in planting 7 to 75% 
in planting 8, 90% in planting 9, and then 100% in the remaining plant¬ 
ings. The relationship of the number of harvest damage sites in the 
various plant parts remained fairly constant, with the largest number lo¬ 
cated in the lowest 1/3 of the plant. Table 4 shows that the percentage 
of ECB damaged ears increased from 12% in planting 7 to just over 20% 
in plantings 8 and 9, 33% in planting 10, almost 50% in planting 11, 
and nearly 70% in planting 12. 
The damage at harvest to the various ear portions was not constant 
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because the first three plantings were harvested just after the second 
moth flight began, hence no small larvae were found in the silks and 
ear tips. Conversely, since the damage which did occur to these plant¬ 
ings was from eggs laid while the plants were in the whorl stage, 
there is relatively more damage to the shank and lower ear. From plant¬ 
ing 7 on, the ratios of damage to the ear portions remains fairly 
constant, since these plantings all had similar ECB pressure occurring 
at similar plant growth stages. Figure 7 is a graphic representation 
of the number of damaged ears for each planting, as well as the phero¬ 
mone trap catches for the season. It shows the decrease in ear damage 
to the early ('Sprite') corn by first generation larvae, the time lag 
between the appearance of the second adult flight and the ensuing second 
generation damage, and the steady increase in damage after the onset 
of second generation larval feeding. 
Sprayed field. Tables 5 and 6 summarize the damage data for harvests 
in the sprayed field. The data in Table 5 showing the mean number of 
larvae in the primary ear, is taken from Table 6 and transformed to 
a sample size of 20. In Tables 5, 6, and 7 the percentage of primary 
ears damaged does not include those ears with damage only to the silk 
or shank. The statistics were done as for the unsprayed field. 
Table 7 shows when each of the plantings was sprayed. The most 
evident fact is that the degree of control in planting 1 was very poor. 
The pre-tassel stage was June 23 for planting 1, and Table 2 shows the 
first visible damage on June 26 but the first spray was not until 
July 1. It would appear both spray applications should have been 
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about a week earlier for plantings 1 and 2. Table 8 is a proposed spray 
schedule based on "hindsight." Planting 3 could have received only the 
July 1 spray application for control of first generation larvae and 
another on July 21 when trap counts showed increased moth numbers. Plant¬ 
ing 4 probably did not require any insecticide application for first 
generation larvae, though one on July 21 and July 28 for second genera¬ 
tion larvae was necessary for optimum control. Planting 5 was at the 
pre-tassel stage on July 6, and first damage was recorded on July 10 
(Table 2). As the most mature of the 'Sweet Sue' plantings, this plant¬ 
ing apparently received eggs at the end of the first moth flight, 
and ear damage was likely from migrating late instars. This conclusion 
is based on the damage to the middle of the ear recorded in Tables 4 
and 6; thus a spray application on July 1 might have prevented this 
damage. From July 21 onward, ECB oviposition pressure remained heavy 
until the end of August, thus spray applications for all plantings in 
the pre-tassel stage and older are recommended until harvest of the 
planting. I believe that the spray schedule in Table 8 should reduce 
damage to 1% or less of the ears in all plantings. To further reduce 
the damage level it would be necessary to shorten the interval between 
spray applications. Presently a 4-5 day interval is recommended in 
Massachusetts (Ferro et al_. 1982) and a comparison of controls at dif¬ 
fering time intervals would be very appropriate to an IPM investiga¬ 
tion. If one concedes that continuous control is required for the 42- 
day period from July 21 to September 1, this would be a total of 11.5 
applications on a 4-day schedule versus only 6 applications on a 7-day 
schedule. The spray schedule presented in Table 8 not only reduces the 
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number of insecticide applications by extending the interval between 
applications, but by not recommending a treatment until any individual 
planting reaches the pre-tassel stage. Also, no applications are 
required between flights, which was the period from July 1 to July 21; 
this would reduce the number of spray applications by two based on a 
7-day schedule. Figures 3 and 6 show the second flight of ECB commenced 
the week of July 20 in 1981, but not until the week of August 11 in 
1980. Thus in some years the period between ECB moth flights could be 
4-5 weeks rather than the three experienced in 1981. Since insecticide 
applications during this period are not necessary, the savings in pesti¬ 
cide usage would be increased accordingly. However, this requires an 
accurate method of monitoring adult ECB. 
The monitoring of adutl ECB was discussed in the introduction to 
this chapter as well as in Chapter II. Although no other states current¬ 
ly recommend the exclusive use of pheromone traps for this purpose, 
their advantages and efficacy must be considered on an individual basis. 
The use of a light trap for this purpose is quite unsuitable for a 
grower-oriented IPM program due to the large number of non-pest insects 
collected, the resulting difficulty of sorting them, the cost of 
purchasing and running them and the availability of power near cornfields. 
Perhaps a few growers would be interested in this technique because of 
its supposed reliability, but reliability is only good if the farmer 
actually uses the technique consistently. Pheromone traps are quite 
specific, and thus the contents are quickly identified and counted. 
Our trials are insufficient by themselves, but give promising results 
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that at least for the Connecticut River Valley of Massachusetts, phero¬ 
mone traps may indicate the flights of ECB as effectively as light 
traps, and at much greater ease and less expense. Extension personnel 
could monitor light traps, pheromone traps, and day-degrees at several 
locations and keep area farmers informed of an overview of ECB status. 
Individual farmers could use pheromone traps to detect the presence of 
ECB adults in their immediate area. Tables 2 and 7 suggest that earliest 
plantings need to be sprayed when they reach the pre-tassel stage, even 
when the percentage of damaged plants is low. Insecticide application for 
second generation ECB control might be done when 15% of the plants at 
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or past the pre-tassel stage show damage. After a planting reaches the 
tassel stage of development and adult ECB are present, regular insecti¬ 
cide applications are necessary until harvest. 
CHAPTER IV 
ECONOMIC ANALYSIS OF AN IPM PROGRAM FOR MASSACHUSETTS SWEET CORN 
There are many sound ecological reasons to reduce the amount of 
pesticides in our environment, but these do not alter farmers' need to 
control pests in their crops. The most effective way to reduce 
pesticide usage is to develop alternative techniques which not only 
maintain crop quality, but do so at a lower cost than using pesticides. 
One of the frequent results of an IPM program is such a reduction in 
pesticide usage. 
With the above incentive in mind, the following is an economic 
analysis of the difference between the spray program for ECB control 
in sweet corn compiled from questionnaires sent to a few selected 
Massachusetts' growers, and the program proposed in Table 8, which is 
nearly the same as the actual spray schedule shown in Table 7. Although 
there is a variety of costs associated with the commercial production 
of sweet corn, most of these are the same for either the grower program 
or the IPM program. 
For the purpose of making the following analysis, several assump¬ 
tions were made. I assumed the yield and degree of control was the same 
with either system. Thus, the only economic difference to the grower, 
either credit or debit, results from the number and cost of spray appli¬ 
cations. Furthermore, I only considered the impact of the ECB, since 
this is the only insect discussed in this thesis. Actually, growers in 
many parts of the state get substantial infestations from the fall 
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armyworm (Spodoptera frugiperda J.E. Smith) and the corn earworm 
(Heliothis zea Boddie). These are migrant pests in Massachusetts, and 
do not usually arrive in large numbers in the Connecticut River Valley. 
Thus, they were not a factor in the research presented in this thesis, 
but are sprayed against on a more frequent basis than the ECB by many 
farmers in the state, starting in mid-July. These sprays also control 
ECB, but I will assume the more frequent spraying does not occur. 
The per hour expenses associated with spraying are taken from 
Christensen et al_. (1978) and adjusted for a 10% inflation rate, compound¬ 
ed annually. This comes to $9.05/hr. A labor cost of $8.25/hr. is 
used, which is the average from the questionnaires. Based on informa¬ 
tion from the questionnaires, Penncap M is applied at Ik qts./acre to 
control first generation ECB and Lannate at 1 qt./acre to control the 
second generation. This comes to $6.69 and $8.64/acre respectively for 
the material cost. The average time required to spray an acre, including 
refilling and clean-up was 15 minutes. 
All of the growers questioned started spraying on or about June 10, 
and sprayed on the average at 5-6 day intervals. Since 4-5 days is the 
recommended interval (Ferro et al_. 1982), a 5-day interval was chosen for 
the grower program. All of the growers questioned are aware that there 
is a period of time between ECB flights, and did not spray during that 
interval. Hence, I omitted the sprays from June 30 to July 20 in the 
grower program. Most growers began spraying when the plants were 15"- 
18" high. Table 9 shows the composite grower spray schedule based on 
the questionnaire for the same 12 plantings as Table 8 shows for the IPM 
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program. In both cases, Penncap M was used for cost analysis before 
July 15 and Lannate after that date. The total cost per acre per 
spray for first generation was $11.02 and for second generation was $12.97. 
Table 10 shows the cost of ECB control in both the IPM and grower 
programs on a per acre basis for each of the 12 plantings, as well as 
the savings when the IPM program was employed. Of necessity, this 
analysis has made some assumptions which may be approximations, including 
ignoring the fact that ECB monitoring requires time and perhaps some 
expense. In all twelve of the plantings there were from 2-4 fewer 
sprays in the IPM program than in the grower program with a cost benefit 
range from $23.99 to $51.88 per acre. The average savings was $37.72 
per acre. The combination of effective insect control and economic 
savings will interest growers in using IPM programs on their farms. 
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Fig. 1. Light trap catch of male and female European corn borer 
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Fig. 2. Pheromone trap catches of European corn borer adult 
males at UMASS Research Farm, South Deerfield, Ma, 1980. Z-type = 
97:3 Z:E-ll-tetradecenyl acetate ( A ) and E-type = 3:97 Z:E-l1 - 
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Fig. 5. Pheromone trap catches of adult European corn borer males 
at UMASS Research Farm, Sunderland, Ma, 1981. Z-type = 97:3 Z:E-l1 - 
tetradecenyl acetate ( A ) and E-type = 3:97 Z:E-ll-tetradecenyl ace¬ 
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Fig. 6. Pheromone ( □ ) and light trap ( 9 ) catches of 


























Fig. 7. Total European corn borer (ECB) pheromone trap catches 
( □ ) plotted with the mean number of ECB damaged sweet corn ears 
( S ) to 12 successive plantings of unsprayed corn at UMASS Research 
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Table 10. Costs per acre to control European corn borer in 
successive plantings of sweet corn in Massachusetts. 
Planting Grower IPM Savings 
1 $ 55.10. $22.04 $ 33.06 
2 55.10 22.04 33.06 
3 70.02 23.99 46.03 
4 71.97 25.97 46.03 
5 73.92 49.93 23.99 
6 75.87 51.88 23.99 
7 77.82 51.88 25.94 
8 90.79 64.85 25.94 
9 103.76 51.88 51.88 
10 103.76 51.88 51 .88 
11 103.76 64.85 38.91 
12 103.76 51 .88 51 .88 
X $ 32.72 
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Table 11. Planting 1: Mean no. observed European corn borer 
larvae or damage sites in 20 sweet corn stalks/plot at UMASS Re¬ 
search Farm, Sunderland, Ma, 1981. 
Date 
PI ant 






6/19 0 0 0 0 0 
6/23 Pre- 
Tassel 
6/26 0 0.5 0 0 0 0.5 
7/3 3.75 0 0 0 1.5 
7/6 Pollen 
Shedding 
7/10 4.5 3.0 0.75 0 4.25 
7/17 3.0 3.25 1.25 0 4.25 
7/22 Harvest 
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Table 12. Planting 2: Mean no. observed European corn borer 
larvae or damage sites in 20 sweet corn stalks/plot at UMASS 
Research Farm, Sunderland, Ma, 1981. 
Date 
Plant 
Stage Whorl Tassel 
5/15 Planted 
6/19 0 N/A 
6/26 0 0 
6/26 Pre- 
Tassel 








Stal k Ear Vein PI ants 
0 N/A 0 0 
0 0 0 0 
0 0 0 1.5 
2.25 0.25 0 2.75 
1.75 0.25 0 3.0 
1.75 0.25 0 2.0 
66 
Table 13. Planting 3: Mean no. observed European corn borer 
larvae or damage sites in 20 sweet corn stalks/plot at UMASS 
Research Farm, Sunderland, Ma, 1981. 
Date 
Plant 






6/19 0 N/A 0 N/A 0 0 
6/26 0 N/A 0 0 0 0 
7/1 Pre- 
Tassel 
7/3 0 0.7 0 0 0 0.3 
7/10 2.3 0.7 0 0 1.7 
7/13 Pollen 
Shedding 
7/17 2.0 1.3 0.3 0 2.7 
7/24 1.0 0 0 0 1.0 
7/31 2.7 0.3 0.3 0 2.3 
7/31 Harvest 
67 
Table 14. Planting 4: Mean no. observed European corn borer 
larvae or damage sites in 20 sweet corn stalks/plot at UMASS 
Research Farm, Sunderland, Ma, 1981. 
Date 
Plant 






6/19 0 N/A 0 N/A 0 0 
6/26 0 0 0 0 
7/3 0 0 0 0 
7/6 Pre- 
Tassel 
7/10 0 0.3 0 0 0 0.3 
7/15 Pollen 
Shedding 
7/17 0.7 0 0 0 0.7 
7/24 1.0 0.3 0 0 1.0 
7/31 0.3 0.3 1.0 0 0.7 
8/4 Harvest 
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Table 15. Planting 5: Mean no. observed European corn borer 
larvae or damage sites in 20 sweet corn stalks/plot at UMASS Re¬ 
search Farm, Sunderland, Ma, 1981. 
Date 
Plant 






6/19 0 0 0 0 
6/26 0 0 0 0 
7/3 0 0 0 0 
7/6 Pre- 
Tassel 
7/10 0 0.7 0.3 0 0 1.0 
7/17 1.7 0.3 0 0 1.7 
7/19 Pollen 
Shedding 
7/24 1.3 1.3 0.3 0.3 2.0 
7/31 0.3 1.0 1.7 0.7 2.7 
8/7 0.7 1.7 0 1.3 2.0 
8/11 Harvest 
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Table 16. Planting 6: Mean no. observed European corn 
borer larvae or damage sites in 20 sweet corn stalks/plot at 
UMASS Research Farm, Sunderland, Ma, 1981. 
Date 
Plant 






6/19 0 0 0 0 
6/26 0 0 0 0 
7/3 0 0 0 0 
7/9 Pre- 
Tassel 
7/10 1.0 0 0 0 0 1.0 
7/17 2.0 1.0 1.0 0 0 3.0 
7/21 Pollen 
Shedding 
7/24 2.0 2.0 0 1.0 3.0 
7/31 0 1.0 0 0 1.0 
8/7 1.0 4.0 0 1.0 5.0 
8/13 Harvest 
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Table 17. Planting 7: Mean no. observed European corn 
borer larvae or damage sites in 20 sweet corn stalks/plot at 
UMASS Research Farm, Sunderland, Ma, 1981. 
Date 
Plant 








7/17 0 1.25 
7/24 0.25 0 
7/27 Pollen 
Shedding 
7/31 0 2.0 
8/7 0 1.25 
8/14 3.5 
8/17 Harvest 
Leaf No. Infested 
Stal k Ear Vein Plants 
0 0 0 
0 0 0 
0 0 0 
0 0 0 
0.75 0 0 1.0 
0.25 0 0 0.5 
1.75 0.25 0.25 2.0 
1.0 0 0 1.5 
6.25 0 0.25 3.7 
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Table 18. Planting 8: Mean no. observed European corn 
borer larvae or damage sites in 20 sweet corn stalks/plot at UMASS 
Research Farm, Sunderland, Ma, 1981. 
Date 
Plant 






6/19 0 0 0 0 
6/26 0 0 0 0 
7/3 0 0 0 0 
7/10 0 0 0 0 
7/17 0.5 0 0 0.5 
7/20 Pre- 
Tassel 
7/24 0 0 0 0 0 
7/31 0.25 0 0 0.75 0.5 
8/3 Pollen 
Shedding 
8/7 0 2.5 0 0 0 1.0 
8/14 0 5.0 4.5 1.0 0.25 5.25 
8/21 0 2.75 14.0 2.25 1.0 10.5 
8/25 Harvest 
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Table 19. Planting 9: Mean no. observed European corn 
borer larvae or damage sites in 20 sweet corn stalks/plot at 
UMASS Research Farm, Sunderland, Ma, 1981. 
Date 
Plant 






6/26 0 0 0 0 
7/3 0 0 0 0 
7/10 0 0 0 0 
7/17 0 0 0 0 
7/24 0 0.25 0 0 0 0.25 
7/25 Pre- 
Tassel 
7/31 0 0 0 0 0 
8/7 6.5 0.25 0.25 0 3.75 
8/10 Pollen 
Shedding 
8/14 6.75 4.0 0.75 0 6.75 
8/21 5.5 13.75 2.0 0.25 10.5 
8/25 Harvest 
Table 20. Planting 10: Mean no. observed European corn 
borer larvae or damage sites in 20 sweet corn stalks/plot at UMASS 
Research Farm, Sunderland, Ma, 1981. 
Date 
Plant 








7/31 0 0.25 
8/7 0 4.0 
8/13 Pollen 
Shedding 




Leaf No. Infested 
Stalk Ear Vein Plants 
0 0 0 
0 0 0 
0 0 0 
0 0 0 
0 0 0.25 
0.5 0 0 2.75 
4.75 0.25 0 6.75 
10.75 1.5 0.25 9.25 
30.25 8.0 7.25 16.75 
74 
Table 21. Planting 11: Mean no. observed European corn 
borer larvae or damage sites in 20 sweet corn stalks/plot at UMASS 
Research Farm, Sunderland, Ma, 1981. 
Date 
Plant 






7/3 0 0 0 0 
7/10 0 0 0 0 
7/17 0 0 0 0 
7/24 0 0 0 0 
7/31 0 0 0 0 
8/5 Pre- 
Tassel 
8/7 0 8.0 0.75 0.5 0.5 5.75 
8/14 7.5 0.75 0.5 0 5.0 
8/17 Pollen 
Shedding 
8/21 9.0 6.5 0.25 0.25 8.75 
8/28 7.75 18.0 4.5 7.75 14.25 
9/4 28.0 39.0 20.0 27.25 19.5 
9/8 Harvest 
75 
Table 22. Planting 12: Mean no. observed European corn 
borer larvae or damage sites in 20 sweet corn stalks/plot at UMASS 
Research Farm, Sunderland, Ma, 1981. 
Date 
Plant 






7/10 0 0 0 0 
7/17 0 0 0 0 
7/24 0 0 0 0 
7/31 0 0 0 0 
8/7 0 0 0 0 
8/10 Pre- 
Tassel 
8/14 1.0 3.75 0.75 0.25 3.75 
8/21 3.0 9.0 2.0 0.5 0.25 9.75 
8/21 Pollen 
Shedding 
8/28 15.5 20.0 1.75 6.5 16.25 
9/4 31.25 41.5 18.25 28.5 19.25 
9/11 22.75 74.75 19.0 42.0 20.0 
9/14 Harvest 


